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Micropuncture studies of the transport of individual amino acids
by the Necturus proximal tubule. Absorption of amino acids by the
Necturus proximal tubule was measured under free-flow condi-
tions. The coexistence of proximal tubular amino acid influx was
determined by infusing saline into tubular lumens by the stopped-
flow microperfusion technique. Under free-flow conditions, frac-
tional absorption of individual amino acids ranged from 0.30
0.18 (glutamic acid) to 0.96 0.02 (proline), with 14 of 19 values
greater than 0.75. The transport avidity for a given amino acid bore
no relationship to its molecular weight, transport class, or plasma
concentration. The values obtained for tubular fluid/plasma (TF/P)
were very comparable to those reported for the rat. In stopped-
flow microperfusion experiments, samples of isotonic saline resid-
ing in tubule lumens for 20 mm were found to contain all the amino
acids present in plasma (filtrate). The concentrations of all except
the acidic anionic pair, glutamic acid and aspartic acid, were
remarkably similar to those obtained by collection of end proximal
samples in free-flow studies. The very high concentrations of the
acidic amino acids may reflect their passive distribution across the
luminal cell membrane, active absorption having been impaired by
the absence of some substance normally present in glomerular
filtrate.
Etude par microponction du transport individuel des acides
aminés par le tube proximal de Necturus. L'absorption des acides
aminés par le tube proximal de Necturus a été mesurée clans des
conditions de flux fibre. La co-existence d'un influx d'acides
aniinés dans le tube proximal a été déterminée par Ia perfusion,
avec du solute sale, des lumières tubulaires par la technique de la
microperfusion stationnaire. Dans les conditions de flux libre,
l'absorption fractionnelle des acides aminés vane de 0,30 0,18
(acide glutamique) a 0,96 0,02 (proline), des valeurs superieures
a 0,75 sont obtenues pour 14 a 19 acides aminés. L'avidité du
transport d'un acide amine n'a aucune relation avec son poids
moléculaire, sa classe de transport ou sa concentration plasma-
tique. Les valeurs du rapport fluide tubulaire/plasma obtenues sont
très comparables avec celles observées chez le rat. Au cours des
experiences de microperfusion stationnaire, les Cchantillons de
solute sale isotonique qui ont séjourné dans les lumières tubulaires
pendant 20 minutes, contiennent tous les acides aminés presents
daris l'ultraflltrat du plasma. Toutes les concentrations, a
l'exception de la paire anionique, acide glutamique et acide aspar-
tique, sont remarquablement semblables a celles obtenues au
cours des experiences en flux libre a la fin du tube proximal. Les
concentrations trés élevées des acides aminés acides peuvent
refléter leur distribution passive a travers la membrane cellulaire
luminale, l'absorption active ayant eté empéchee par l'absence
d'une substance normalement présente clans le filtrat glomérulaire.
It has been amply proved that amino acids present
in plasma are freely filterable [1] and, in the rat,
subject to avid, selective absorption by renal proxi-
mal tubules {2—l8]. To date, however, there has
been no study of the transport of individual amino
acids in the amphibian nephron. In the present study,
we have examined the simultaneous absorption of 19
amino acids in the proximal tubule of Necturus kid-
ney under free-flow conditions, and, using the
stopped-flow microperfusion technique, we have at-
tempted to detect a possible influence of passive
influx on the overall transport of amino acids.
Methods
Necturi of both sexes, weighing 119 to 147 g, were
obtained in late Winter and early Spring (Mogul-Ed
Co., Oshkosh, Wis.). They were stored unfed in
aerated, dechlorinated tap water at 40 C for one to
three weeks after arrival until used for experiments,
at which time they were anesthetized in tricaine-
methanesulfonate (Finquel®, Ayerst Co.), 660 mg/
liter, for 15 to 20 mm; those requiring anesthesia for a
longer period were discarded. The animals were
placed supine on a dissection table with their gills
immersed in aerated water and their skin kept moist
with a covering of wet paper toweling. The left kid-
ney was exposed through a midline incision, and the
abdominal contents were kept constantly wet with
100 m saline solution (isosmotic with Necturus
plasma). A mesenteric vein was cannulated for the
infusion of solutions.
To serve as a marker of proximal tubular fractional
water absorption, 20 pCi of 14C-inulin in 0.2 mIJlOO
m saline was injected through the venous cannula.
An additional 0.8 ml of saline was administered in the
subsequent 10 mm to ensure good peritubular capil-
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lary blood flow. No inulin-sustaining solution was
employed because of the Necturus's very low rate of
glomerular filtration [191. Experiments were begun
40 to 60 mm after the inulin injection and typically
lasted for one to one and one half hours.
Free-flow studies. Micropuncture of the terminal
portion of proximal tubules of seven Necturi was
performed using micropipets of 8 to 10 jm O.D. To
identify the junction of the end of the proximal tubule
with the thin intermediate segment of the nephron,
small droplets of 0.1% lissamine green in 100 mM
saline were injected into early proximal tubular seg-
ments and allowed to flow distally to the point of
marked tubular narrowing, close to the glomerulus.
A segment of mineral oil, three to four tubular diame-
ters in length, was injected at this point to prevent
retrograde aspiration of fluid from distal tubular seg-
ments. Tubular fluid samples were then collected for
amino acid assays and the measurement of 14C-inulin
activity. After sealing the tubular neck and the early
proximal tubule with mineral oil to avoid retrograde
aspiration of proximal tubular fluid, 120 to 150 nl
samples of glomerular fluid were obtained from Bow-
man's space. In some instances, two glomerular
samples were obtained from the same animal.
Approximately 25 nl of each tubular and glomeru-
lar sample was taken for 14C-inulin assay and was
measured in a 0.5-1 precalibrated constant-bore
capillary tube before being transferred to a fluor of
PPO, POPOP and toluene for counting in a Nuclear
Chicago liquid scintillation counter. The remainder
was utilized for amino acid determination.
Stopped-flow in icroperfusion studies. Stopped-
flow microperfusion studies [201 were performed, as
described previously [211, on a separate series of
seven animals. In brief, Sudan Black-stained mineral
oil was injected into individual glomeruli until it ap-
peared in the early proximal tubule. Saline, 100 mM,
was injected slowly into the middle of the occluding
oil drop to propel the distal half of the oil forward
until it sealed the thin intermediate nephron segment
and prevented the admixing of distal tubular fluid.
The fluid was injected at a rate that caused minimal
retrograde displacement of the proximal oil droplet,
and it was allowed to remain in the proximal tubule
for exactly 20 mm. Thereafter, fresh saline solution
was injected behind the proximal oil droplet while
the tubule's fluid content was aspirated with a sec-
ond micropipet from the end-proximal site for subse-
quent amino acid assay. Water absorption was not
measured.
Amino acid assays. The concentrations of 19 indi-
vidual amino acids in glomerular and proximal tubu-
lar fluid samples were measured with a micromodifi-
cation of the technique of Neuhoff [22]. This
technique depends upon the reaction of 14C-dansyl
chloride (specific activity, 104 mCilmmole; CEA,
Saclay, France; supplied by Research Products In-
ternational, Mount Prospect, Ill.) with amino acids to
produce a fluorescent, radioactive conjugate with the
individual amino acids in a mixture. The methodol-
ogy employed is described in detail elsewhere [231.
In brief, 120 nl of 14C-dansyl chloride was introduced
into a constant-bore 0.5-j.d capillary tube, and its
volume was measured microscopically with a filar
eye-piece. A 50 to 100-ni glomerular or tubular fluid
sample was injected into the same capillary tube,
followed by 0.25 M sodium bicarbonate buffer (pH,
10) to provide a measured volume of approximately
120 nl when combined with the sample to be as-
sayed. The three solutions were thoroughly mixed
and aspirated into a capillary pipet, which was then
sealed; the dansylation reaction was allowed to prog-
ress for 30 mm at 37° C. The samples were trans-
ferred quantitatively to 3 x 3-cm thin layer chroma-
tograms (Schleicher & Schüll, Dassel, Germany),
and, because of the very small amounts of single
amino acids in the nanoliter volumes assayed, nonra-
dioactive dansylated amino acids were added to the
original starting point to facilitate recognition and
complete harvesting of each spot after chromatogra-
phy under microscopic visualization. The chromato-
grams were developed in the first dimension with
four percent formic acid; benzene-glacial acetic acid
(8:2) was used for separation in the second dimen-
sion [22]. Chromatography in the second dimension
was repeated with ethylacetate-methanol-glacial
acetic acid (20:1:1) to completely separate alanine
from dansylated NH2, cystine from dansyl-OH, glu-
tamine from asparagine, and threonine from serine.
To preserve a record of each chromatogram and to
document the presence of amino acids whose con-
centrations were too low for quantitation by 14C
counting, autoradiograms of each chromatographed
sample were prepared [22] using high-speed dental
X-ray film (Ultra-speed, DF58, Eastman Kodak,
Rochester, N.Y.). Thereafter, the fluorescent spots
of the individual dansylated amino acids were care-
fully outlined in pencil under ultraviolet light, quanti-
tatively harvested with microscopic visualization for
transfer to a fluor containing PPO, POPOP, and tol-
uene, and their 14C activity was measured in a Nu-
clear Chicago liquid scintillation counter. Sample
areas of each chromatogram where amino acid spots
could not be detected on the autoradiograms were
taken and counted for background radioactivity, and
the mean value was added to the background count
of the scintillation vials. Preliminary experiments
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Table 1. Free-flow amino acid studiesa
Amino acid
Amino acid concentrations
TF/P
Fractional
absorption
Filtrate
mg/c/I N
Tubule flujdb
mole/liter x 1ON mole/liter x 1O
Alanine (8) 70.9 16.5 0.63 (14) 18.2 3.8 0.26 0.76 0.04
Asparagine (10) 12.2 1.2 0.80 (14) 3.7 1.0 0.30 0.77 0.06
Aspartic acid (8) 28.0 8.1 0.37 (13) 1.7 0.9 0.06 0.86 0.09
Cystine (9) 13.8 2.9 0.34 (11) 11.3 2.8 0.82 0.44 0.07
Glutamine (9) 37.7 7.4 0.55 (15) 0.7 0.5 0.02 0.99 0.01
Glutamic acid (10) 31.1 5.2 0.53 (13) 19.3 3.5 0.62 0.30 0.18
Glycine (11) 20.5 3.1 0.15 (15) 7.0 1.0 0.34 0.66 0.05
Isoleucine (11) 51.7 6.7 0.68 (14) 3.5 1.1 0.07 0.94 0.02
Leucine and
histidine (11) 82.7 12.5 — (14) 6.0 1.7 0.07 0.95 0.01
Lysine (11) 38.6 4.7 0.56 (15) 2.5 0.8 0.06 0.94 0.02
Methionine (11) 11.5 1.2 0.17 (15) 6.0 1.7 0.52 0.54 0.06
Ornithine (11) 6.2 0.9 0.60 (14) 0.8 0.2 0.13 0.88 0.03
Phenylalanine (11) 36.1 2.8 0.60 (15) 4.4 0.8 0.12 0.89 0.02
Proline (10) 10.0 2.3 0.13 (13) 0.5 0.3 0.05 0.96 0.02
Serine (11) 32.2 5.3 0.31 (15) 6.3 0.9 0.20 0.83 0.03
Threonine (9) 35.8 6.5 0.27 (15) 4.8 1.2 0.13 0.87 0.03
Tyrosine (9) 66.5 8.7 1.20 (13) 7.7 1.6 0.12 0.90 0.02
Valine (11) 69.8 6.0 0.83 (14) 3.9 1.2 0.06 0.95 0.01
Values given represent mean 1 SEM. N depicts number of samples included. TF/P represents tubule fluid:filtrate amino acid ratio.
Concentrations below 5 x 10 mole/liter are too low for precise measurement. Such values and their derived TF/P values are thus
approximate.
had been performed to ensure that 14C-inulin did not
migrate from the application point. Therefore, all '4C
activity of the chromatographic spots related to dan-
sylated compounds.
The amount of an amino acid in any spot on the
chromatogram was estimated from calibration
curves obtained for each individual amino acid under
optimal, standardized reaction conditions in the
presence of all the other amino acids present in
glomerular fluid [231. Triplicate determinations of six
concentrations of single amino acids, measured in
the presence of all others that were included in the
same sample, on standard curves gave a mean SD of
4.8% [231. When an amino acid spot was not
adequately separated from another on a particular
chromatogram (e.g., alanine from dansyl NH2, serine
from threonine, etc.), neither spot was scraped for
counting. Thus, the number of values for individual
amino acids included in a mean was not always the
same (see Table 1). Leucine and histidine were not
separated well enough to permit accurate individual
spot-harvesting in most experiments, and their val-
ues were thus combined. From the relative densities
of the two conjoined spots on radioautographs, how-
ever, it appeared that the larger part of the material
measured was histidine.
Fractional water absorption was calculated as
[1 — (P/TF)101, where (P/TF)1 is the ratio of inulin
concentrations in glomerular and tubular fluid. Frac-
tional absorption (FA) of individual amino acids was
determined from their glomerular (C0) and tubular
fluid (Ci) concentrations according to the equation:
FA = 1 — [(P/TF)1 CIC0].
Regression plots for standard curves were estab-
lished by the method of least squares. For the calcu-
lation of means, amounts of amino acid less than the
5.7 x l0 mole limit of precise measurement in
some samples were included at the value obtained,
possibly introducing a very small error. The alterna-
tive, omitting these values from the mean, would
limit consideration to the higher values only and,
therefore, greatly underestimate the extent of tubular
absorption. Statistical analyses were performed ac-
cording to Snedecor [24]. Unless stated otherwise,
values given represent the mean SEM.
Results
Free-flow studies. Fractional water absorption in
27 end-proximal tubular samples obtained for amino
acid assays over a mean collection time of 13.8
(sEM) 0.8 mm was 15.9 2.1%. This value is compa-
rable to others in the literature [19].
The concentrations of amino acids in 11 samples of
glomerular filtrate obtained from the same seven
animals are shown in Figure 1 and Table 1. Wide
concentration differences existed between the indi-
vidual amino acids in these samples. Alanine, tyro-
sine, and valine were present in the highest concen-
tration; ornithine, tryptophan, and hydroxyproline
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ally were very similar to those of Necturi used for
free-flow studies. The glomerular concentration of
glutamic acid in this series was, however, only half
as high, P < 0.01 (Tables 1 and 2).
After a 20-mm residence time, the luminal fluid
contained alanine, aspartic acid, cystine, glutamic
acid, glycine, serine, and tyrosine in readily quantifi-
able amounts (Table 2). Cystine concentrations in
glomerular and tubular fluid were almost indistin-
guishable, and the mean tubular glycine concentra-
tion was more than half that in filtrate. The tu-
bule:glomerular fluid concentration ratios of all
amino acids, except glutamic acid and aspartic acid,
were similar to those obtained under free-flow condi-
tions (Fig. 2). The mean glutamic acid concentration
in tubular fluid was more than three times higher than
that in glomerular filtrate; the individual values
ranged from 7 x 10 to 1.5 X 10 M, although 11 of
the 17 values were between 2.2 and 5.3 x 10 M.
This wide spread of values was unique to glutamic
acid. The aspartic acid TF/P ratio of 1.01 also was
significantly higher than in free-flow experiments (P
< 0.01).
Autoradiograms revealed that cysteine was pres-
ent in glomerular fluid, in fluid obtained by free-flow
puncture, and in stopped-flow samples at high and
+
His
Fig. 1. Glomerular and end proximal tubular amino acid concen-
trations obtained A) in free-flow micropuncture and B) under
stopped-flow conditions. The numbers above each column repre-
sent the number of values included in the mean. The shading along
the abscissa shows the lower limit of accurate measurement of
amino acids with the technique employed.
were found in amounts too low for accurate mea-
surement. As shown by the standard error values, a
modest variation was found in the concentrations of
a given amino acid in the filtrates of different
animals.
The mean proximal tubular fluid amino acid con-
centration, TF/P ratios, and fractional absorption
values are shown in Table 1. A wide range of concen-
trations and fractional absorption values was ob-
tained. Fractional absorption ranged from a low of
0.30 0.18 for glutamic acid to a high of 0.99 0.01
for glycine. Proline, glutamine, asparagine, aspartic
acid, lysine, and ornithine, although detectable as
faint spots on autoradiographs, were present at con-
centrations too low for precise measurement. There-
fore, these amino acids had been almost quantita-
tively absorbed.
Stopped-flow studies. Glomerular fluid amino acid
concentrations of the seven animals studied gener-
Table 2. Amino acid concentrations in stopped-flow
microperfusion studiesa
Amino acid concentration, mole/liter)<
10-6
Glomerular Tubule
Amino acid N filtrate N fluidb TF/P
Alanine (2) 112.1 (10) 17.3± 3.6 0.15
Asparagine (6) 15.9± 2.8 (10) 2.2± 0.5 0.14
Aspartic acid (5) 8.1 5.2 (12) 8.2 2.7 1.01
Cystine (7) 8.6 2.0 (14) 7.0 1.1 0.81
Glutamine (7) 36.3 8.8 (15) 0.5 0.3 0.01
Glutamic acid (7) 16.0 2.8 (17) 59.0 10.9 3.69
Glycine (6) 23.6 4.4 (21) 11.2 3.4 0.47
Isoleucine (7) 70.3 9.3 (17) 2.4 0.9 0.03
Leucine and
histidine (7) 77.2 11.5 (20) 3.9 0.9 0.05
Lysine (7) 45.2 7.8 (18) 0.5 1.3 0.01
Methionine (7) 9.5 1.4 (10) 3.0 1.2 0.32
Ornithine (6) 10.2± 1.8 (8) 1.2± 0.8 0.12
Phenylalanine (7) 38.8 2.1 (17) 3.6 0.7 0.09
Proline (5) 4.2 1.4 (13) 0.4± 0.2 0.10
Serine (7) 27.9 4.0 (16) 5.5 1.1 0.20
Threonine (7) 31.9 3.7 (1 2.5 0.9 0.08
Tyrosine (7) 78.0± 6.0 (15) 8.6± 1.6 0.11
Valine (6) 64.0 8.3 (14) 4.5 1.0 0.07
a Values given represent mean 1 SEM, except the mean for
alanine where, for technical reasons, only two samples could be
measured in glomerular filtrate. N depicts number of samples
included. TF/P represents tubule fluid:filtrate amino acid ratio.
b Concentrations below 5 x 10-6 mole/liter are too low for
precise measurement. Such values and their derived TF/P values
are thus approximate.
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comparable concentrations. Because of peculiarities
in the SH-dansyl reaction [25], the generation of
standard curves, and thus precise quantitation of
cysteine, was not considered feasible. According to
the autoradiographic appearance, however, absorp-
tion must have been very slight, if indeed present.
All the amino acids in glomerular filtrate were visible
on the radioautographs of tubular fluid, the density of
their "spots" being directly correlated with the con-
centrations measured chromatographically.
Discussion
In recent years, renal micropuncture experiments
performed on rats [4—18] have greatly extended ear-
lier stop-flow studies of renal amino acid transport
[2, 3]. Most micropuncture studies have employed
isotopically labelled amino acids infused into individ-
ual tubules; one study used free-flow conditions to
examine the transport of nine endogenous amino
acids simultaneously [18]. In the rat, at least, amino
acids are avidly absorbed in the early portion of the
proximal tubule, competition for absorption occurs
within classes of amino acids, and there is a small,
passive influx of some amino acids which can be
augmented by maleic acid injection [11]. The present
study has examined the filtration and simultaneous
absorption of 19 amino acids by the Necturus proxi-
mal tubule under free-flow conditions. Stopped-flow
microperfusion experiments were undertaken to ex-
amine the passive permeability of the tubule to these
compounds.
The concentrations of individual a-amino acids in
glomerular filtrate presumably are equal to those in
plasma, since all are free in solution and have molec-
ular weights below 300 daltons. The amino acid con-
centrations of Necturus glomerular filtrate in the
present study were, for the most part, greatly lower
than those reported in the plasma of various mamma-
lian species [26], tyrosine alone being present at a
concentration above 1 mgldl. Ornithine, hydroxypro-
line, and tryptophan were barely quantifiable. By the
time filtrate reached the end of the proximal tubule in
free-flow experiments, 10 of the 19 amino acids stud-
ied had been absorbed to a concentration below 5 pJ
liter, the lowest value that could be quantified accu-
rately in volumes below 100 nI with the technique
used. Significant differences in net absorption ex-
isted from one amino acid to another, with, however,
cystine, glutamic acid, glycine, methionine (and, pre-
sumably, cysteine) being by far the least avidly ab-
sorbed. The extent of absorption was not predictable
from the amino acids' pH, molecular weight, plasma
concentration, or transport class. Aspartic acid, for
example, was far more completely absorbed than the
other acidic amino acid, glutamic acid. Similar differ-
ences were seen in the absorption of serine and
threonine (aliphatic neutral compounds), tyrosine
and phenylalanine (neutral aromatic amino acids),
and the sulfur-containing moieties, cystine and
methionine.
It is of some interest that the reported fractional
absorption rates of eight amino acids in end-proximal
rat tubular fluid samples under free-flow conditions
[19] closely resembled those obtained here in Nectu-
rus (Fig. 3). In particular, glutamic acid and glycine
0.7
0.6
0.5
Necturus
0.3
0.2
11
/
V = 0.95 X +0.04
r 0.932
P <o.ooi
0.9 -
0.8 -
o 0.7
0.6
o 0.5
I:::
0.2 //1516,12
13170.1
101814
I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 3.6 3.]
Stopped-f low amino acid TF/P
Fig. 2. Stopped-flow and free-flow TFIP concentrations of individ-
ual amino acids, illustrating the marked similarity of the values
obtained in the two types of experiments. The amino acids shown
are 1) alanine, 2) asparagine, 3) aspartic acid, 4) cystine, 5)
glutamine, 6) glutamic acid, 7) glycine, 8) isoleucine, 9) leucine
and histidine, 10) lysine, 11) methionine, 12) ornithine, 13) phe-
nylalanine, 14) proline, 15) serine, 16) threonine, 17) tyrosine, 18)
valine. The solid and dotted lines represent the line of identity and
the least square line calculated by omitting the values for glutamic
acid and aspartic acid (circled). The lines are statistically
indistinguishable.
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Fig. 3. Free-flow end-proximal amino acid TFIP values in rat(Eisenbach, Weise, and Stolte [18]) and those obtained for Nectu-
rus in this study.
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were the most poorly absorbed in both studies, while
alanine, proline, and isoleucine were absorbed most
avidly. Unfortunately, values for other amino acids
in rat proximal tubular fluid are not available to
indicate whether their fractional absorption also
would be comparable in the two species.
The stopped-flow microperfusion technique was
employed in the present protocol in an attempt to
detect any influx of amino acids across the proximal
tubule. Remarkably high concentrations of aspartic
acid (TF/P, 1.01), cystine (TF/P, 0.81), glycine (TFI
P, 0.47), glutamic acid (TF/P, 3.69), and serine (TFI
P, 0.20) were found in the perfused solutions along
with variably lower concentrations of all the other
amino acids present in glomerular filtrate. The amino
acids found in highest concentration in stopped-flow
studies generally exhibited the poorest absorption
under free-flow conditions, and, indeed, the TF!P
ratios were very similar in the two study groups (Fig.
1). Finding amino acids in fluid which contained none
when injected indicates significant influx to these
substances, and, it seems likely that the magnitude of
this influx may be greatly underestimated as a result
of concomitant reabsorption.
For reasons that are totally unclear, aspartic acid
and glutamic acid behaved very differently from all
other amino acids studied, both being present in
perfused fluid at far higher concentrations than in
samples obtained with the free-flow method. The
concentration of glutamic acid, for example, was
more than three times higher than that in plasma and,
one might assume, in interstitial fluid. Aspartic acid
was present at equal concentrations in plasma and
luminal fluid. It seems highly unlikely that this phe-
nomenon reflects covert tubular injury, since many
other amino acids were present at extremely low
concentration in the same samples and the individual
values obtained bore no relationship to those in
plasma. How, then, should one interpret such data?
Under both free-flow and stopped-flow conditions
[27], the transtubular electrical potential (PD) of the
Necturus proximal tubule is some 20 mY, lumen
negative to interstitium. Passive distribution of either
glutamic acid or aspartic acid, both negatively
charged at physiologic pH, would thus result in lu-
minal concentrations less than one half those in inter-
stitial fluid. The reverse TF/P concentration ratio
found in this study effectively rules out passive
transtubular distribution, therefore. The present
findings are, however, at least compatible with the
passive distribution of anionic amino acids across the
cell's luminal membrane. Here, the PD is some 54
mV, cell negative to the lumen [271, and theoretically
capable of producing a luminal concentration almost
nine times higher than that of the cytosol in the
absence of active reabsorption. Until cellular con-
centrations are known and bidirectional flux mea-
surements have been made, there is no need to
postulate the alternate possibility of active tubular
secretion. Such an alternative is at least plausible,
however, in light of the demonstration that the or-
ganic acids, para-aminohippurate and diodrast, may
be simultaneously secreted and absorbed actively by
the Necturus proximal tubule when present in
plasma at high concentrations [19, 28].
Perfusing the proximal tubule with simple saline
solution greatly modified the transport of only the
acidic amino acids. If stopped-flow conditions nei-
ther produce injury which is peculiar to the acidic
amino acid transport system nor change the electri-
cal properties of the proximal tubule [27], this finding
might well relate to the composition of the fluid
introduced into the tubular lumen. It is possible, for
example, that the active absorption of the acidic
amino acids requires the availability of substances
present in normal filtrate that are lacking in the
stopped-flow perfusate. Sodium and potassium both
affect amino acid uptake in rat kidney cortex slices
[29], but the fluid infused here was isonatric with
plasma; prior stopped-flow microperfusion studies
have shown brisk bidirectional potassium move-
ment, which causes the tubular fluid potassium con-
centration to rise promptly to a level close to that in
serum [301. It is thus unlikely that changes in sodium
and potassium concentration were responsible for
the findings obtained.
Ulirich, Rumrich, and Klöss have shown major
dependency of tubular glucose and amino acid up-
take on sodium co-transport [31]. Samarzija and
Fromter [321 have demonstrated depolarization of
the rat proximal tubular potential when a variety of
amino acids are injected with sodium into the lumen.
Comparable depolarization was reported in Triturus
by Hoshi [33], but this was seen exclusively with
neutral amino acids, not with the basic or acidic
compounds. Whether the effect of isotonic saline
infusions on acidic amino acid transport in the pres-
ent study might relate to changes in electrogenic
co-transport is presently unclear. We do know, how-
ever, that sodium absorption and proximal
transtubular potentials are little different from those
found under free-flow conditions [271. As mentioned
earlier, there is a brisk back-flux of potassium into
Necturus proximal tubules perfused with isotonic
saline, but it is not known if divalent cations, glu-
cose, and bicarbonate, also enter the lumen and, if
so, what concentrations they achieve. In the absence
of firm information on the final composition of saline
Amino acid transport in Necturus proximal tubule 451
solution residing in the tubular lumen, detailed spec-
ulation as to the cause of altered acidic amino acid
transport seems unwarranted.
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